Expression of the wild type and mutants of dicalcin in E.coli. Three of deletion mutants (Δ43C, Δ101C, Δ160C) were truncations of 43, 101 and 160 amino acids from the C-terminus of dicalcin, whereas the other mutant (Δ71N) was truncation of 71 amino acids from the N terminus. The full-length coding region of dicalcin and DNA fragments corresponding to residues 1-164 for Δ43C, 1-115 for Δ101C, 1-56 for Δ160C, 72-217 for Δ71N were PCR-amplified, ligated with pET-3a (Novagen, EMD Biosciences, San Diego, CA) and introduced into E.coli BL21 pLysS (Novagen). Primer informations are seen below. Recombinant wild-type dicalcin and deletion mutants were expressed and purified according to procedures as described previously 1 . Since Δ160C mutant was not applicable to the above purification procedure due to low affinity with a phenyl-Sepharose resin (Amersham), the corresponding DNA fragment was, in turn,
ligated with pET-16b (Novagen, EMD Biosciences, San Diego, CA) to add histidine-tag into the N-terminus of the mutant, and purified using metal-affinity column chromatography according to procedures shown elsewhere.
VE protein preparation. VE proteins of Xenopus unfertilized eggs were prepared by sieving method described elsewhere 2, 3 . Briefly, envelopes were collected by passing dejellied egg-lysate through a nylon filter and the filter was washed extensively with distilled water. Isolated envelopes were stored overnight in 2M NaCl, 2 mM CaCl 2 , 10 mM Tris-HCl (pH 7.4) to selectively solubilize contaminating yolk platelets 4 , and heated at 70 °C before use.
Blot overlay analysis and estimation of binding activities of each region. Blot overlay analyses using biotinylated dicalcin, its mutants and synthetic peptides were performed according to our previous method 5 . Briefly, VE proteins were electrophoresed and blotted onto a PVDF membrane. After renaturing and blocking, blots were incubated with biotinylated recombinants and synthetic peptides (final concentration, 1 µM) overnight at 4 °C. After wash, biotinylated recombinants and peptides bound to a target protein was coupled to HRP using a Vectastain ABC kit (Vector Laboratories, Burlingame, CA) and visualized. Intensities of blots were converted to the molar amount of bound proteins on the basis of the coupling efficiency of biotinylation. The molar amount of the wild-type was set to 100% and the data were normalized. Binding activities of each region of dicalcin were estimated referring to the normalized fold change of the molar amount. For example, the activity of region 1 of dicalcin was the subtraction of the relative molar amount of Δ71N from that of the wild type, and the activity of region 2 was the subtraction of the relative molar amount of His-Δ160C from that of Δ101C. Modeling of three-dimensional structure of dicalcin and gp41.
Expression
The graphics program RASMOL was used for modeling of three-dimensional structure of dicalcin already reported in our previous study 6 and the structure of Xenopus gp41 was adapted from chicken ZP3 (3NK4).
Preparation of gametes.
Xenopus gametes were prepared as previously described 7 .
Briefly, freshly squeezed eggs were immediately washed three times with MMR solution (100mM NaCl, 2mM KCl, 2 mM CaCl 2 , 0.1mM EDTA, 1mM MgSO 4 , 5 mM
Hepes; pH 7.4). Jelly was removed by exposure (5min) of the eggs to 2% cystein. The resultant jelly-free eggs were gently washed with several times by 0.3xMMR. Jelly extract was prepared as described elsewhere 8 . Jelly-coated eggs were subjected to rocking with 10mL of 0.3xMMR for 60 min and the medium was mixed with Ficoll (final concentration, 10%; Sigma, St. Louis, MO), providing "jelly-extract". Sperm were prepared from freshly excised testis in 1mL of 0.3xMMR. The intact sperm were diluted in the jelly extract.
In vitro fertilization assay. In vitro fertilization assay was also performed as previously described 7 . Briefly, dejellied eggs in 0.3xMMR of ~500 µL were pre-incubated with the following material for 15min; dicalcin and peptides at indicated concentrations, BSA (4 µM). After washing, dejellied eggs were inseminated with sperm (final concentration:~5x10 6 /mL) treated with jelly-extract. The successful fertilization was scored by counting eggs that underwent first cleavage until when some of fertilized eggs proceeded to the 4-cell-stage. All counts were done blind to conditions.
Lectin blot analyses and lectin cytochemistry. VE proteins were electrophoresed and blotted onto a PVDF membrane. After blocking with synthetic polymers (PVDF Blocking Reagent, TOYOBO, Osaka, Japan), blots were probed with 50 µg/mL lectin conjugates (Rhodamine-RCAI, Fluorescein-WGA; Vector Labs, Burlingame CA). After wash, bound lectin was visualized by the fluorescence scanner (Typhoon 9400, GE healthcare). For lectin cytochemistry, unfertilized eggs were pretreated with dicalcin, peptides or BSA (4 µM each) in 0.3xMMR at room temperature for 15 min. After wash, eggs were treated either with Rhodamine-labeled RCAI or Fluorescein-WGA (50 µg/mL) for 30min and analyzed using a confocal microscope. All examinations were done blind to conditions.
Electron microscopic analyses.
Dejellied Xenopus were pre-incubated with either of peptides (dcp1, dcp11 and gpp2) at a concentration of 4 µM for 15 min, and fixed in 2% paraformaldehyde overnight at 4 °C. Glutaraldehyde-fixed egg was refixed with 2%
OsO 4 and dehydrated with a graded series (30-100%) of ethanol. Gelatine capsules containing epoxy resin (Quetol 812, Nisshin-EM, Tokyo, Japan) were inverted onto the specimens. After the resin was cured at 60 for 48hr, the capsules were detached.
Ultrathin sections (~80 nm thickness) were stained with uranyl acetate and lead acetate, and observed with a Hitachi H-7600 (Hitachi, Tokyo, Japan) at 100kV.
Primers.
For generation of deleted-mutants, we amplified cDNA of dicalcin and gp41 by PCR sequence (residues 1-164) of dicalcin encompassing regions 1, 2 and 3 is divided into ten subregions. Region 3 was found to have the maximal inhibitory activity, whereas regions 1 and 2 play a role for the binding of wild type of dicalcin ( Fig. 1d and e) .
Among synthetic peptides that correspond to the N-terminal half, two peptides (dcp4 and dcp7) have the greatest binding activities to gp41 in our blot overlay analysis ( (a) Concentration-dependent effect of pretreatment with combined dicalcin-derived peptides on the efficiency of fertilization in vitro. Ovulated eggs were pretreated with peptides (at a 1:1 mixture of dcp11 and dcp15) followed by incubation of sperm.
Fertilization success was scored and normalized (n=7; *, p=0.007, Student's t-test).
Concentration-dependence curves at pretreatments with dcp11(blue) and dcp15 (red) alone were also shown. (b) Mapping of the amino acid region of dicalcin for its binding
